Introduction
During the course of spaceflight missions, astronauts and cosmonauts must venture out on spacewalks, or so called extra vehicular activities (EVAs) . With an average duration of approximately 4.5 h and metabolic peak rates of up to 13 kcal/min (Katuntsev et al. 2004) , EVAs are amongst the most physically and mentally demanding challenges astronauts and cosmonauts must face. They also require a high level of situational awareness and coordination while working at high levels of performance to complete the mission at hand. To ensure the success of these missions, astronauts and cosmonauts need to complete intensive preparation and training. For this purpose, mechanical operations outside the International Space Station (ISS) are practised in large swimming pools, so called neutral buoyancy facilities (NBFs), using identical replicas of the ISS's modules (Bolender et al. 2006) .
Training in NBFs allows for the simulation of microgravity conditions similar to those experienced during EVAs. This training environment requires the use of diving Abstract Neutral buoyancy facilities are used to prepare astronauts and cosmonauts for extra vehicular activities e.g. on-board of the International Space Station. While previous studies indicated a decrease in cognitive performance in an under water setting, they have only provided behavioural data. This study aimed to review whether recording of electro cortical activity by the use of electroencephalography (EEG) is possible in an under water setting and if so, to identify the influence of water immersion at a depth of 4 m on neurocognitive markers. Ten male subjects performed a cognitive choice-reaction times (RT) task that progressed through five levels of increasing difficulty on land and when submerged 4 m under water. N200 latency and amplitude in the occipital and frontal areas were measured, and baseline cortical activity was measured during rest in both conditions. Neither RT nor amplitude or latency of the N200 showed any significant changes between the land and the under water conditions. Also theta, alpha and beta frequencies showed no differences between the two techniques and equipment to allow for full body immersion under water for extended periods. However, diving can be associated with physiological and cognitive risks such as barotrauma, decompression sickness, and nitrogen narcosis. According to professional divers and researchers at the European Space Agency (ESA), negative effects on cognitive performance and fine motor skills are already present at an immersion depth of 5 m (Dalecki et al. 2012) . Interestingly, there appears to be an inverse relationship between task complexity and performance deficit, i.e. with greater task complexity comes less deficits in performance. This effect has been shown in colour-word tasks and mental-rotation tasks in which reaction times (RT) under water increased for simple versions of the tasks, but did not change during the presentation of complex versions of the tasks (Dalecki et al. 2013) . The authors interpret these findings within the framework of a parallel multiplechannel processing model. Based on these findings, it can be concluded that the differently affected cognitive and motor skills under water and in space, respectively, need to be taken into account to improve astronaut preparation for space missions.
Unfortunately the ability to assess neurophysiological processes under water is extremely difficult and-to our knowledge-has not been previously reported. Based on our previous experience in assessing neurophysiological markers in extreme conditions (Schneider et al. 2008 (Schneider et al. , 2013 , it was the primary aim of this study to demonstrate the feasibility of obtaining electroencephalographic (EEG) recordings under water. Secondarily, this study aimed to identify the possible underlying neurophysiological processes of cognitive impairment during water immersion, specifically through the use of event-related potentials (ERP) analysis. The ERP usually consist of several components that are assumed to be real-time correlates of specific cognitive processes. The relatively early components mainly reflect automatic processes such as stimulus detection, while the later components primarily reflect control processes. The latency of a component reflects the timing of a process, the component amplitude reflects the strength of the process, and the component topography reflects the participation of different brain areas in the process. This study focuses on the N200-wave (N200) of visual-evoked potentials (VEP) measured from the occipital cortex (Kuba et al. 2007 ). The N200 is a negative wave, which peaks between 200 and 350 ms after stimulus onset. Originally research has focused on the N200 as a mismatch detector, and only more recently, it has also been identified to reflect executive cognitive control functions (Folstein and Van Petten 2008) . Of special interest are N200 latency and amplitude. Whereas an increase in latency is an indicator for decreased attention (or shared attention), the amplitude provides information about the amount of neural activity being necessary to identify an object. There is good reason to speculate that the N200-latency and amplitude would be affected by water immersion modulated by (1) a possible stress effect on N200-latency and amplitude (Ceballos et al. 2012) (2) a possible increase in intracranial pressure under water (York et al. 1981) or (3) by higher contrasts compared with luminance-modulated stimuli (Ellemberg et al. 2003) .
With the overall aim to investigate the appearance of cognitive impairments during task performance in 5 m water immersion, it was hypothesized that the RT in low task difficulty are prolonged under water conditions (WET) compared to land conditions (DRY). Furthermore, it was hypothesized that this is mirrored by an increased latency and greater amplitude of the N200 component under WET compared with DRY conditions.
Methods

Subjects
Upon ethical approval from Ethics Committee of the German Sport University Cologne, ten healthy male subjects (27 ± 3.3 years; height 182.4 ± 6.2 cm; body weight 77 ± 5.4 kg; number of dives: 414 ± 117.5) were recruited to participate in this study. All of them were students of the German Sport University had normal vision and were free of any medication. A written informed consent statement was obtained from each participant prior to the start of their participation in the study. All subjects held a valid diving license and a valid diving specific medical certificate.
Setup
WET condition
The experimental apparatus was similar to a previous behavioural study (see Dalecki et al. 2012) . In brief, subjects were fixed under water with a commercial diving jacket, which was attached to an aluminium framed cage inside of a diving pool (20 m × 20 m × 5 m), with their heads at a depth of approx. 4 m. Air supply at ambient pressure was provided by standard scuba equipment, with a prolonged hose between first and second stage regulators, connected to a 12 l pressurized air tank. A pressure indicator was always visible for the subjects. In addition, a second air tank with a regulator was equipped to the cage as a backup should any problems with the initial breathing device arise. Subjects were equipped with a standard diving mask and a 5 mm neoprene suit in order to prevent hypothermia. Water temperature inside of the pool was held constant at 26 °C. Tasks were presented on a 15 in. liquid crystal screen, which was fixed 75 cm in front of the subjects' eye level. A waterproof choice-reaction box was placed in front of the subjects, which was used for the experimental task. A trained security diver was always present in order to ensure safety and to provide the subject with task instructions via a waterproof sheet. A camera was placed in front of a window below the surface of the pool, which was connected to a screen next to the EEG and cognitive task RT equipment (described below). This was done in order to facilitate communication between the diver and the operating staff.
DRY condition
Control measurements on land were performed in a similar setup, as used under water. Subjects wore a diving jacket, which was fixed to a wall, a neoprene suit and were standing upright in front of a 15″ screen, which was approximately 75 cm ahead on eye level. As during the WET condition, the same choice-reaction box was used on land. Screen size of the programme was adapted to present targets in the same size as under water, where visible perception is altered, due to the physics of optics (Ross 1970) .
Cognitive task
The experimental cognitive task consisted of a mental arithmetic task (problem solving) with two different numbers (or mathematical equations) presented on the left and right side of the screen. The stimuli presenting software was designed in-house using C++ and was running on a commercial Windows XP computer. Subjects were tasked with deciding which side had the larger number value and subsequently indicate this by pressing the left or right button of the waterproof choice-reaction box. The subjects' left and right index fingers were pre-positioned to rest directly above their respective buttons to minimize movement time. The task itself consisted of five levels of increasing complexity, with each of the values (left and right) being chosen at random from a pool of values at the appropriate level of difficulty. At level 1, participants had to simply compare two numbers (e.g. 13 vs. 7); however, the level of difficulty increased from level to level, ending with complex arithmetic problems (e.g. 8 × (12−4) vs. 18−2 × 5 at level 5). Presentation of each pair of values, as well as the corresponding responses (button press), were send via LPT port to trigger the EEG recording signal, allowing for RT and ERP calculation. Each level of the task lasted for 22 s, allowing for comparison of the data with previous data obtained during 22 s of weightlessness during parabolic flights (Brummer et al. 2011) . Within each level, the next stimulus was presented 500 ms after the participants' response. Levels were separated by a five second black screen interval. As every participant was confronted with levels 1-5 for three times, total testing time was 3 × 5 × 22 s = 330 s = 5.5 min in each condition. Participants were instructed to respond as fast and as accurate as possible.
Procedures
After familiarization with task, subjects completed three iterations of levels 1-5 of the cognitive task in sequence (i.e. they went through levels 1-5 once, followed by a 20 s rest period, and then again a second and third time, again separated by a 20 s rest period, Table 1 ). WET and DRY conditions were randomly counterbalanced across subjects (Table 1 ) and were performed consecutively separated by a 10 min break, which was necessary to get the participants in or out of the water. Prior to and after the completion of the three iterations of the cognitive task, resting EEG data were collected for 2 min (Table 1) . Under the WET condition, this meant subjects remained still with their eyes closed, while under the DRY condition, subjects remained still in a seated position once again with their eyes closed.
EEG data collection
A head-adapted EEG cap (actiCAP, Brain Products, Munich, Germany), modified with 5 m long shielded electrode cables, was mounted to each subjects' head immediately prior to testing. Six active Ag/AgCl electrodes were located according to the international 10/20 system (Fp1, Fp2, P1, P2, O1, O2). Electrode FCz was used as reference, AFz as ground.
As the number of available electrodes was limited, four electrodes were located across parietal and occipital regions to record VEPs and two were placed on the prefrontal cortex, being a relevant area for stress detection.
The cap was fixed with a chinstrap to prevent shifting of the electrodes. In the WET conditions, the electrodes were further protected from inflowing water through the use of a full-face latex mask, which was placed carefully over the subjects' heads. This was necessary in order to avoid any crosstalk between electrodes while being immersed. Each participant performed three times Level 1-5 conditions, preceded and followed by a rest EEG. Half of the participants started in the DRY condition followed by the WET condition. The other half started in the WET condition and afterwards performed in the DRY condition
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Moreover, a bathing cap was placed over the latex mask, in order to further stabilize electrodes and prevent the inflow of water. Each electrode was filled with SuperVisc™ electrode gel (EasyCap GmbH, Herrsching, Germany) to facilitate signal transduction. Electrodes were connected to an amplifier unit and converted into digital signals (Brainamp, Brainproducts, Munich, Germany) with a sampling rate of 500 Hz. All recordings were supervised by a trained investigator.
EEG data analysis EEG data were analysed offline using Brain Vision Analyzer 2.0 (Brain Products, Munich, Germany). Following low and high cut-off filter, a frequency range between 3.0 and 70.0 Hz remained for analyses (time constant .3183099 s; 48 dB/octave). Any channel exceeding an impedance of 10 kΩ was excluded from further analysis.
Alpha/beta/theta activity
The 2 min resting EEG data were segmented into equally sized 4 s segments. Following visual inspection for eye movements, automatic artefact rejection was applied (gradient <50 µV; max/min amplitude −200 to 200 µV), the segmented data were baseline corrected (0-4,000 ms) and analysed by spectral analysis [Fast Fourier transform (FFT), resolution .244 Hz; Hanning window, 10 %]. Finally mean activity in the frequency ranges theta (3.5-7.5 Hz), alpha (7.5-12.5 Hz) and beta 12.5-35 Hz) were exported.
N200
Following segmentation based on stimulus onset (−100 to 800 ms), segmented data were baseline corrected (−100 to 0 ms). Artefact rejection procedures as explained above were applied. Finally, remaining segments were averaged (minimums of n > 50) over occipital (O1/O2), parietal (P1/P2), and frontal (Fp1/Fp2) electrode sites. Subsequently, negative peaks (ms/µV) were exported for statistical analysis of N200.
Statistics
Statistical analyses were performed using STATISTICA program 7.1 (StatSoft, Tulsa, USA). In order to display condition-induced changes, generalized linear models of repeated measures ANOVA were computed. For N200, RT and accuracy (errors), two-way repeated measures with the intraindividual factors level (levels 1-5) and condition (WET/DRY) were computed. Post hoc comparisons were made using Fisher's least significance difference test (LSD). The level of significance was set at p < .05. Data in the text are presented as mean ± standard deviation (SD).
Results
Alpha/beta/theta activity
Results show a clear and reliable signal for the EEG frequency spectrum in the WET condition (Fig. 1) . Although a slightly reduced activity was noticeable in all three frequency ranges (Table 2) , no significant effect of water immersion was found on alpha (F (1, 9) = 3.84, p = .08), beta (F (1, 9) = 1.30, p = .28) or theta activity (F (1, 9) = 2.71, p = .13). No significant differences were found comparing pre/post WET and DRY conditions in resting EEG activity (alpha: F (1, 9) = .01, p = .92; beta: F (1, 9) = 1.16, p = .31; theta: F (1, 9) = .31, p = .59). Also, with respect to localization, no differences were found between frontal, parietal, and occipital regions (alpha: F (2, 18) = .00, p = .99; beta: F (2, 18) = 1.06, p = .37; theta: F (2, 18) = .18, p = .84).
Reaction time/errors
The grand average of ERPs obtained in this study is displayed in Fig. 2 . No significant differences were observed with respect to RT in DRY/WET conditions (F (1, 9) = .73, p = .42). Although increased levels of difficulty resulted in prolonged RT (F (4, 36) = 117.77, p < .001), no interaction between WET/DRY and levels was detected (F (4, 36) = .46, p = .76; Fig. 3) .
Obviously increase levels of difficulty resulted in an increase in errors (F (4, 56) = 14.22, p < .001), but no differences could be obtained between the WET and DRY condition (F (4, 56) = .42, p = .80).
N200 component
Repeated measures analysis for peaked N200 latencies revealed no significant differences between DRY and WET conditions (F (1, 9) = .26, p = .62), nor any differences between levels (F (4, 8) = .15, p = .96) or any interaction (F (4, 8) = .51, p = .73; Table 3 ).
Repeated measures analysis also showed no significance differences for peaked N200 amplitudes between DRY and WET conditions (F (1, 9) = 2.59, p = .14), level (F (4, 8) = .53, p = .72), and no significant interaction (F (4, 8) = .29, p = .88; Table 3 ).
Discussion
Based on previous findings of Dalecki et al. (2012 Dalecki et al. ( , 2013 this study investigated the appearance of cognitive impairments in an under water environment. Dalecki et al. (2013) solely measured the reaction time between stimuli presentation and motor response and therefore were only able to identify motor output impairments but not a possible delay in cortical processing (caused e.g. by an increase in intracranial pressure). The current study presented here allowed for the analysis of cortical arousal and event-related cortical processes, in particular the latency and amplitude of the occipital N200 component. To our knowledge this is the first study demonstrating the applicability of EEG recordings in an under water environment. Although within the WET condition RT seems slightly decreased for the highest task complexity (Fig. 3) , the analysis of the RT showed no significant differences with regards to DRY and WET conditions (Fig. 3) ; which is in contrast to previous study results (Dalecki et al. 2013) . Previous findings that only less difficult tasks seem to be impaired (Dalecki et al. 2013 ) cannot inevitably be attributed to cognitive decline under water but may more likely be due the focus of attention during the less difficult tasks-arguably likely to occur in the more stimulating and enriched under water environment. This is in contrast to the more complex tasks, which demand greater focus of attention on behalf of the subjects in order to be solved, thus mitigating any attentional interference from the under water environment. Moreover, it needs to be taken into account that any effect of an increased movement time caused by an increased water friction under water can be neglected for the data presented here, as participants index fingers were located on the buttons to be pressed.
Recorded VEP showed neither an elongation of the N200-latency nor any changes in its amplitude under WET condition (Table 3 ). The tendency for decreased amplitude (WET −1.813 ± 1.23 vs. DRY −2.427 ± 1.29) may be attributed to globally reduced EEG activity under water, which is mirrored by the decrease in the alpha-/beta-and theta frequency ranges as well. As this decrease, although not significant, occurs in all analysed frequency bands and in both frontal as well as occipital locations, it is likely that lower amplitudes do not reflect a decrease in cortical excitability but might be attributed to the specific situation under water [e.g. increased electrical resistance caused by a redistribution of blood volume to the head or the increased hydrostatic pressure provoking changes in cerebrospinal fluid (Wendel et al. 2008) ].
The fact that neither behavioural (RT) nor neurophysiological (ERP) markers are impaired, might be attributed to the fact that performance was measured at very moderate water depth and the fact that only experienced divers, each with more than 100 open water dives, participated in this study. As can be seen by the alpha/beta ratio, participants did not show any increase in arousal in the under water condition when compared with the land condition. Results might change considerably when divers are tested in more than 20 m of water depth as first signs of nitrogen narcosis might impair discrimination and logical reasoning. Impairments in behavioural and neurophysiological markers might also occur when testing less experienced divers being more susceptible for stress caused by the underwater environment.
In summary, the reliable and reproducible data from this study demonstrate that they are feasible record of brain cortical activity even in an under water setting. This finding will be helpful for further exploration of human performance under extreme conditions, be it technical diving or preparation in NBFs for EVAs in space. This study could not verify the possible influence of water immersion on the N200-latency and amplitude, and individual RT. Future studies should examine the effect of greater external stimuli overlapping with task processing or the role of expertise (i.e. examining inexperienced divers), which could result in increased anxiety or mental overload, both of which would affect behavioural as well as neurophysiological makers. Further studies should also consider advanced assessment of physiological and psychological arousal for example by assessing hemodynamic and cardiovascular parameters. 
